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FIELD 

[0001] The present invention relates generally to the field of semiconductor 
technology and, more specifically, to etching and cleaning sensitive materials. 

BACKGROUND 

[0002] In the semiconductor fabrication arts, it is often necessary to fashion (etch, 
pattern, etc.) layers of differing materials according to a given design to create electronic 
devices, interconnections, or other structures in an integrated circuit. Photolithography is 
commonly used to create patterns within the layers of an integrated circuit. FIG. 1 A - 
IC illustrates a typical photolithography process. As shown in FIG. 1 A, a photoresist 
material 1 is deposited atop a first layer 2 that is to be etched. Layer 2 may overlay any 
number of other layers, for example, layer 3. According to well known masking, 
exposing, and developing techniques, the photoresist material 1 is patterned to create an 
opening 4. Layer 2 may then be etched through the opening, such as by a reactive ion 
etch (RIE), shown in FIG. IB. The RIE utilizes an etchant 5 that etches the material of 
layer 2, more selectively than the photoresist material 1 . Hence, the photoresist material 
1 holds its form during the etch and a cavity 8 can be formed into layer 2 according to the 
patterned opening 4. At the same time, the etchant 5 that etches layer 2, does so at a 
much higher rate than it etches the material of underlying layer 3, hence the underlying 
layer 3 acts as an etch stop. 
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[0003] Typically, after forming the cavity 8 in layer 2, the photoresist material 1 needs to ' 
be removed to enable further processing of layer 2 or layer 3. Consequently, as shown in 
FIG. IC, the photoresist material 1 may be removed according to the similar etching 
methods, such as RIE, O2 high pressure ashing, and/or well-known wet cleaning 
techniques. Layer 2 and layer 3 are typically durable semiconductive, insulative, or 
conductive materials that are conventionally used in integrated circuits, so that during the 
removal of the photoresist material 1, layers 2 and 3 do not typically have to be protected 
when the photoresist material 1 is being removed. Additionally, the oxygen plasma 
damage from RIE is very minimal on these types of materials. Examples of durable 
rnaterials may include silicon, silicon oxide, silicon nitride, polysilicon, and other 
materials that are durable to chemistries that remove conventional photoresist materials. 
As a result, the photoresist material 1 , has, until now, been removed without fear of 
damaging underlying thin films or structures. 

[0004] However, modern technologies are rapidly exploring the use of new and different 
materials that have not typically been used in the formation of integrated circuits. These 
new and different materials may include materials that are sensitive to chemistries that, 
until now, have not presented problems. For example, germanium has been proposed to 
replace silicon as a semiconductor of choice for many fabrication processes that 
heretofore have used silicon. Germanium, however, tends to be very sensitive to certain 
chemistries, for example, the dry and wet chemistries utilized to remove photoresist 
materials. Consequently, previous methods of removing certain materials, such as 
photoresist, require new and unique techniques in order to maintain the integrity of new 
and different materials, such as germanium. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Embodiments of the present invention are illustrated by way of example and 
should not be limited by the figures of the accompanying drawings in which like 
references indicate similar elements and in which: 
FIG. lA - IC illustrates a typical photolithography process; 

FIG, 2 A ^ 2D illustrate a method according to one embodiment of the invention, of 
removing a layer of patterning material without damagirig an underlying sensitive 
rnaterial; 

FIG. 3A - 3C illustrate a method, according to one embodiment of the invention, of 
conditioning the top surface of the sensitive layer after the patterning material has been 
removed; and 

FIG. 4A - 4D illustrate a method according to one embodiment of the invention, of 
removing a photoresist layer without damaging an underlying sensitive germanium layer; 
and 

FIG. 5A ~ 5C a method, according to one embodiment of the invention, of conditioning 
the top surface of the sensitive germanimn layer after the photoresist layer has been 
removed, 
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DETAILED DESCRIPTION ' 

[0006] Described herein is a method of etching and cleaning a sensitive layer in the 
formation of semicojiductive structures, integrated circuitry, and other generally related 
electronic devices. In the following description numerous specific details are set forth. 
One of ordinary skill in the art, however, will appreciate that these specific details are not 
necessary to practice embodiments of the invention. While certain exemplary 
embodiments of the invention are described and shown in the accompanying drawings, it 
is to be understood that such embodiments are merely illustrative and not restrictive of 
the current invention, and that this invention is not restricted to the specific constructions 
and arrangements shown and described since modifications may occur to those ordinarily 
skilled in the art. In other instances well known semiconductor fabrication processes, 
techniques, materials, equipment, etc., have not been set forth in particul^ detail in order 
to not unnecessarily obscure embodiments of the present invention. 
[0007] Described herein is a method of protecting a sensitive layer from harsh 
chemistries. In brief, the method includes forming a first sensitive layer, forming a 
second layer upon the first layer, then forming a third layer over the second layer. The 
third layer is utilized as a mask during patterning of the second layer. During patterning, 
however, the second layer is only partially etched, thus leaving a buffer layer overlying 
the first layer. The third layer is completely removed while the buffer layer protects the 
first layer from the harsh chemicals that are utilized to remove the third layer. Then, the 
thinned portion of the buffer layer is carefully removed down to the surface of the first 
layer. 

[0008] FIG, 2A - 2D illustrate a method according to one embodiment of the invention. 
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of removing a layer of patterning material without damaging an underlying sensitive 
material. Referring to FIG. 2A, the method begins with forming a first layer 202 over a 
substrate 200, forming a second layer 204 over the first layer 202 and forming a third 
layer 206 over the second layer 204. The third layer 206 is patterned to have an opening 
208 therein. The pattern of the opening 208 will subsequently be transferred to the 
underlying second layer 204. 

[0009] The first layer 202 comprises a very sensitive semiconductor material that is 
susceptive to damage from harsh chemistries ("first chemistry") utilized during the 
patterning and removal of the third layer 206. The term "sensitive" means that the 
material composition of the first layer 202 is easily etchable, removable, corruptible, or in 
other words, will undergo a severe material alteration if exposed directly to chemical 
compounds and/or solutions that comprise the first chemistry. Hence, the material of the 
first layer 202 and the chemical composition of the first chemistry can vary depending on 
the process. For example, in the formation of a semiconductor photodector device, one 
example of a sensitive material may include germanium, which is utilized to form the 
optical layer of the photodector. In other examples, such as in the formation of sorne 
transistors, sensitive materials may include III-V semiconductor compounds, such as 
gallium arsenide, aluminum nitride, or indium intiminide. 

[0010] Still referring to FIG. 2A, the second layer 204, formed over the first layer 202, is 
not sensitive to the first chemistry previously described. The second layer 204 may be a 
nitride, an oxide, an oxynitride, or any other material that is formed over the first, 
sensitive layer. For example, in one embodiment of the invention, the second layer 204 
may be an insulating layer to insulate the first layer 202 from other materials within an 
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integrated circuit. In another embodiment, the second layer 204 may be a conductive or 
semiconductive material that will be utilized in conjimction with the first layer 202 to 
form an active device, such as an electrode of an electronic device. In other 
embodiments of the invention, the second layer 204 may also include multiple layers of 
different materials that overlie the first, sensitive layer. For example, the second layer 
204 may include a nitride overlying a pad oxide. The second layer 204 may alternatively 
comprise an oxide/nitride/oxide composite. Hence, the actual composition of the 
material of the second layer 204 may vary, However, the second layer 204 should 
comprise at least one material that is not sensitive to the harsh chemicals of the first 
chernistry that will be utilized in the patterning, and removal, of an overlying third layer 
206, such as a photoresist layer 206. For simplicity of disclosure, the second layer 204 
may be referred to herein as a "non-sensitive" layer, that "directly overlies" the sensitive 
layer, although one ordinarily skilled in the art may recognize that the second layer 204 
may comprise niore than one material or layers of materials. 

[0011] The thickness of the second layer 204 may vary depending on the desired process. 
However, in one embodiment of the invention, the second layer 204 should be formed 
thick enough to protect the first layer 202 from the harsh, first chemistry. In other words, 
the second layer 204 should be formed to a thickness that will withstand dry or wet 
etching of the second layer 204, when an overlying third layer 206 is being patterned, 
cleaned, or otherwise processed. 

[0012] Still referring to FIG. 2A, the third layer 206 is formed directly on top of the 
second layer 204. The third layer 206 is rernovable by the first, "harsh" chemistry. In 
one embodiment of the invention, third layer 206 may be a photoresist material, or other 
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type of material, used to protect portions of the second layer 204 from being etched 
during a photolithography process. In another embodiment of the invention, the third 
layer 206 may instead be a hgu-dmask materiaL 

[0013] As described above, the third layer 206 is formed to have an opening 208. The 
opening 208 is fonned according to a designed width. In one embodiment of the 
invention, a typical photolithography process may include the well-known, techniques of 
masking, exposing, and developing the third layer 206 to fonn the opening 208. The 
pattern of the opening 208 will subsequently be transferred to the underlying second layer 
204. 

[0014] Next, as shown in FIG. 2B, the method continues with substantially etching the 
thickness of the second layer 204 through the opening 208, but leaving a thin, unetched 
portion of the second layer 204 on the first layer 202. A substantial portion of the second 
layer 204 's thickness is removed in a substantially vertical fashion, to form a hole, or via 
210, inside the second layer 204 having sidewalls 215 and a bottom 216, The buffer 
layer 212, between the bottom 216 of the via 210 and the top surface 218 of the first layer 
202, is approximately 10% to 25% of the original thickness of the second layer 204, and 
may herein be termed a "buffer layer" 212 , since it will function as a buffer between the 
bottom 216 of the via 210 and the top surface 218 of the first layer 202, during the 
subsequent removal of the third layer 206. The formation of the via 210 may be 
accomplished by performing a timed dry etch of the second layer 204 through the 
opening 208. The timed etch is calculated to remove approximately 75% - 90% of the 
second layer 204. Dry etching techniques are well known in the art and may include such 
techniques as plasma etching, or reactive ion etching, which may utilize ions 21 1 of a 



EV 336582495 US 



-7- 



42P 16001 



second chemistry that etches the Second layer 204, but that does not substantially etch the 
third layer 206. 

[0015] Next, as shown in FIG. 2C, the method continues with removing the third layer 
206 using the previously mentioned first chemistry. During the renioval of the third layer 
206, the buffer layer 212 protects the first layer 202 from the first chemistry. If not for 
the buffer layer 212, the first layer 202 would be damaged by the harsh, first chemistry. 
However, because the buffer layer 212 is in place, the first layer 202 is spared from the 
potential damage that would occur from the first chemistry. During the removal of the 
third layer 206, the buffer layer 212 may undergo a partial etching. Hence, the thickness 
of the buffer layer 212 should be thick enough to withstand partial etching, yet still have 
a substantial portion of mass to still protect the first layer 202 throughput the entire time 
that the third layer 206 is being removed, including any wet cleaning/ashing procedures. 
[0016] Next, as shown in FIG. 2D, after the third layer 206 has been removed and 
cleaned, the method continues with removing the buffer layer 212 with a chemistry to 
which the first layer 202 is not significantly sensitive. As a result, the first layer 202 can 
maintain its substantially planar shape, as originally formed. In one embodiment of the 
invention, the buffer layer 212 may be removed by the same chemistry (i.e., the second 
chemistry) previously used to etch the second layer 204, as described above in 
conjunction with FIG. 2B. In addition to using the second chemistry to which the first 
layer 202 is not significantly sensitive, the removal of the buffer layer 212 may be 
performed very slowly, in a very controlled fashion, to better control the removal of the 
buffer layer 212 and ensure that the top surface 218 of the first layer 202 is not damaged. 
[0017] Additionally, a wet chemistry may be employed to clean any remaining residue of 
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the second layer 204. To minimize the inipact of the wet cleaning chemistry on the first 
layer 202 the wet clean may be performed at room temperature, in very dilute 
concentrations, and for very brief periods of time. Consequently, the via 210 is extended 
entirely through the second layer 204, to the top surface 21 8 of the first layer 202, yet the 
top surface 21 8 of the first layer 202 remains substantially planar, as originally formed. 
[0018] According to other embodiments of the invention, as shown in FIG- 3A - 3C, 
after the via 210 has been formed completely through the second layer 204, the method , 
may further include conditioning the top surface 218 of the first layer 202 with a third, or 
"conditioning" chemistry. The conditioning chemistry may cause the top surface 218 of 
the first layer 202 to have primarily the same atomic termini. 

[0019] FIG. 3A illustrates an enlarged view of the top surface 21 8 of the first layer 202. 
The sidewalls 215 of the via 210 are shown for context. After the via 210 has been 
formed, the top surface 21 8 of the first layer 202 may consist of various types of atomic 
termini. For reference, these types of termini are shown in FIG. 3A — 3C as either one of 
two types (type A or type B), however one skilled in the art may recognize that more than 
two types of termini may exist depending on how the first layer 202 was formed and also 
depending on the environment and/or chemicals that the top surface 218 of the first layer 
202 had been exposed to at any point during its formation, or during subsequent 
processing, such as during the formation and patterning of the overlying second layer 
204. The two types of atomic termini represent niolecular endings that are attached, by 
rnolecular bonds, to the material of the first layer 202, represented by a molecular type C, 
and may be in a non-uniforrn pattern, as shown in FIG. 3A. 

[0020] It would be desirable, however, in some circumstances, to have the top surface 
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r 218 comprise a single atomic termini (i.e., either type A or type B) depending on the 
composition of the material that will be subsequently formed atop the top surface 218. 
For example, certain materials may bond better to atoms of either type A or type B. 
Hence, for example, if a material is formed atop the top surface 218 of the first layer 202 
that would bond better to a unifomi layer of type A atoms, it would be advantageous to 
apply a conditioning chemical to the top of surface to make the surface comprise atorns 
that are primarily of type A atoms. 

[0021] Therefore, referring to FIG. 3B, in one embodiment of the invention, a 
conditioning solution 220 may be applied to the top siu-face 218 of the first layer 202 that 
causes the atomic termini to be converted primarily to type A atoms. In a like manner, as 
shown in FIG, 3C, if atomic termini of type B atoms are desired, a different conditioning 
solution 222 may be applied to the surface of the first layer 202 that causes the atomic 
termini to be converted primarily to type B atoms. 

[0022] FIG. 4 A - 4D illustrate a method according to one embodiment of the invention, 
of removing a photoresist layer without damaging an underlying sensitive germanium, 
layer. Referring first to FIG. 4A, a germanium layer 202 is formed on substrate 200. 
Above the germanium layer 202 is formed a nitride layer 204 and an oxide layer 502. 
Above the oxide layer 502 is formed a photoresist layer 206. An opening 208 is formed 
into the photoresist layer 206 by well-known masking, exposing and developing 
techniques. The germanium layer 202 is a material that is sensitive to a harsh 
"photoresist-removal'* chemistry (corresponding to the "first chemistry" described in 
conjuction with FIG. 2A - 2D above). The photoresist-removal chemistry is to remove 
the photoresist layer 206 in a subsequent process, as described in conjunction with FIG. 
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4C below. The term "sensitive" means that the gennanium l^yer 202 is easily etchable, 
removable, corruptible, or in other words, will undergo a severe material alteration if 
exposed directly to chemical compounds and/or solutions that comprise the photoresist- 
removal chemistry. Examples of the harsh photoresist-removal chemistry may include, 
but are not limited to, well known 02 plasnaa etching and "Pirahna" ash (i.e., > 80% 
sulfuric acid mixture) including oxidizing agents (i.e., 1-20% nitric acid or hydrogen 
peroxide). 

[0023] In one embodiment, the germanium layer 202 may be 500 nm thick, the nitride 
layer 204 may be 100 nm thick, the oxide layer 502 may be 500 nm thick, and the 
photoresist layer 206 may be 500 nm thick, however these thicknesses may vary slightly 
depending on the process. Nevertheless, since the nitride layer 204 directly overlies the 
sensitive germanium layer 202, the nitride layer 204 should be formed thick enough to 
protect the germanium layer 202 from the harsh, photoresist-removal chemistry that will 
be subsequently utilized. 

[0024] Still referring to FIG- 4A, the oxide layer 502 is formed directly on top of the 
nitride layer 204. The oxide layer 502 can act as an interlayer dielectric in a device with 
metalization or as optical cladding for a waveguide. 

[0025] Still referring to FIG. 4A, the photoresist, layer 206 is fonned to protect portions 
of the oxide layer 502 and nitride layer 204 from being etched during a photolithography 
process. Photolithography processes are well known in the art and may include the steps 
including (1) positioning a patterned hardmask above the photoresist layer 206 with the 
hardmask having a pattern, (2) directing electromagnetic energy through the pattern of 
the hardmask so that the photoresist material is exposed, then, once exposed, (3) 
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developing tKe photoresist material to cause the exposed photoresist material to dissolve, 
hence forming the opening 208. 

[0026] Next, as shovra in FIG. 4B, the method continues with etching the oxide layer 
502 and the nitride layer 204 directly through the opening 208, in a vertical fashion, such 
as with a reactive ion etch process. Reactive ion etching (RIE), an example of plasma 
etching, is a well known procedure that includes forming a plasma, within a reactive 
chamber, by igniting a gas having a particular chemistry, to form ions 211 comprising the 
particular chemistry. The ions 21 1 are then forced towards the water substrate, by the 
sheath electric field, causing etching of the surfaces that are exposed to the forceful ions 
211. Depending on the particular chemistry, however, different surfaces are etched at 
different rates. As shown in FIG, 4B, ions 21 1 are formed of a chemistry that will 
remove either the oxide layer 502, the nitride layer 204, or both. Typically, however, the 
oxide layer 502 and the nitride layer 204 are etched utilizing two different etches with 
two different chemistries. For example, in one embodiment of the invention, the oxide 
layer 502 may be etched utilizing an oxide-etch chemistry (i.e., CO/C4F8/02/Ar) selective 
to the nitride layer, while the nitride layer 204 may be etched utilizing a nitride-etch 
chemistry (CH2F2/02/Ar). In comparison to the method described in conjunction with 
FIG. 2 A -r- 2D above, the oxide layer 502 and the nitride layer 204 may correspond to the 
"second layer" 204. 

[0027] Still referring to FIG. 4B, the oxide layer 502 is completely etched according to 
the pattern of the opening 208 in the photoresist layer 206. Then, the nitride layer 204 is 
etched, also according to the pattern of the opening 208. However, the nitride layer 204 
is etched according to a timed etch so that a thin portion of the nitride layer 204, or 
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"buffer layer'' 212 remains unetched. Thus, a hole, or via 210, is formed having 
sidewalls 215 and a bottom 216, The buffer layer 212 has a thickness extending between 
the bottom 216 of the via 210 and the top svuface 21 8 of the germanium layer 202. The 
buffer layer 212 is to function as a buffer between the bottom 216 of the via 210 and the 
top surface 218 of the germanium layer 202, during the subsequent removal of the 
photoresist layer 206. The buffer layer 212 shown in FIG. 4B may correspond to the 
buffer layer 212 described in conjunction with FIG. 2 A - 2D above. 
[0028] The timed etch is calculated to renriove approximately 75% - 90% of the nitride 
layer 204, hence causing the buffer layer 212 to be approximately 10% to 25% of the 
original thickness of the nitride layer 204. The thickness of the buffer layer 212 should 
not be less than about 10% because of thickness non-uniformities that may result when 
forming the buffer layer 212. In other words, because the buffer layer 212 may not have 
a uniform thickness, to ensure that it protects the underlying germanium layer 202 from 
the harsh photoresist-removal cheniistry, it is advantageous to time the etch so that, at 
most, about 90% of the nitride layer 204' s original thickness is etched. 
[0029] Likewise, the thickness of the buffer layer 212 should not be more than about 
25% of the original thickness of the nitride layer 204 so that the buffer layer 212 can 
subsequently be removed without too niuch effort. More specifically, as shown in 
conjunction with FIG. 4D below, the buffer layer 212 eventually must be removed. To 
minimize damage to the germanium layer 202 below, however, the buffer layer 212 
should be removed cautiously, with a slower etch rate, by utilizing either a more dilute 
chemistry or by etching more slowly. Thus, by limiting the thickness of the buffer layer 
212 to at most about 25% of the original thickness of the nitride layer 204, the buffer 
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layer 212 can be reirioved slowly, yet still not take an excessively long time. 
[0030] Next, as shown in FIG. 4C, the method continues with removing the photoresist 
layer 206 using the previously mentioned photoresist-removal chemistry. Examples of 
the harsh photoresist-removal chemistry may include, but are riot limited to, well known 
O2 plasma etching and "Pirahna" ash (i.e., > 80% sulfuric acid mixture) including 
oxidizing agents (i.e., 1 -20% nitric acid or hydrogen peroxide). 

[0031] During the removal of the photoresist layer 206, the buffer layer 212 protects the 
germanium layer 202 from the photoresist-removal chemistry. If not for the buffer layer 
212, the gemnanium layer 202 would be daniaged by the harsh, photoresist-removal 
chemistry. However, because the buffer layer 212 is in place, the germanium layer 202 is 
spared from the potential damage that would occur from the photoresist-removal 
chemistry. In one embodiment of the invention, the photoresist-removal chemistry may 
be formulated to be selective to the nitride layer 204. Nonetheless, during the removal of 
the photoresist layer 206, the buffer layer 212 may still undergo some partial etching 
from the photoresist-removal chemistry. Herice, the thickness of the buffer layer 212 
should be thick enough to withstand partial etching, yet still have a substantial portion of 
mass to still protect the germaniuni layer 202 throughout the entire time that the 
photoresist layer 206 is being removed, including any wet cleaning/ashing procedures. 
Therefore, because of partial etching that may occur from the photoresist-removal 
chemistry, it is advantageous to limit the minimum thickness of the buffer layer 212 to no 
less than about 10% of the original thickness of the nitride layer. If, however, 10% of the 
original thickness of the nitride layer would not be sufficient to maintain an integral 
buffer layer 212, the buffer layer 212 should consequently be formed thicker than 10%. 
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[0032] Next, as shown in FIG. 4P, after the photoresist layer 206 has been removed and 
cleaned, the method continues with removing the buffer layer 212 with a chemistry to 
which the germanium layer 202 is not significantly sensitive. As a result, the germanium 
layer 202 can maintain its substantially planar shape, as originally formed. In one 
embodiment of the invention, the buffer layer 212 may be removed by the same nitride- 
etch chemistry previously used to etch the nitride layer 204, as described above in 
conjunction with FIG. 4B. In addition to using the nitride-etch chemistry, to which the 
germanium layer 202 is not significantly sensitive, the removal of the buffer layer 212 
may be performed very slowly, in a very controlled fashion, to better control the removal 
of the buffer layer 212 and ensure that the top surface 218 of the germanium layer 202 is 
not damaged. Hence, removal of the buffer layer 212 may include performing a reactive 
ion etch at a lower energy that is approximately 50% lower than the RIE of FIG. 4B, 
and/or performing an etch with a weaker nitride-etch chemistry that is approximately 
50% more dilute than that used in conjunction with FIG. 4B. 

[0033] Additionally, a wet chemistry may be employed to clean any remaining residue of 
the nitride layer 204. To minimize the impact of the wet cleaning chemistry on the 
germanium layer 202 the wet clean may be performed at room temperature, in very dilute 
concentrations, and for very brief periods of time. Consequently, the via 210 is extended 
entirely through the nitride layer 204, to the top surface 218 of the germanium layer 202, 
yet the top surface 218 of the germanium layer 202 remains substantially planar, as 
originally formed. It is highly advantageous for the top surface 218 of the germanium 
layer 202 to have orthogonality, or in other words, planarity, to ensure the proper 
functioning of the photodector device. 
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[0034] Still referring to FIG. 4D, it should be noted that during the removal of the buffer 
layer 212, without the presence of the photoresist layer 206, the nitride-etch chemistry 
may cause the top surface 504 of the oxide layer 502 to undergo some slight etching. For 
example, given the nitride-etch andi oxide-etch chemistries above, a selectivity to the 
oxide layer 502 may be about 7:2. Thus, the loss to the oxide layer 502 may be 
approximately 3% - 7% (i.e., (10%-25% nitride thickness) x (2/7)) during the nitride 
buffer layer 212 etch. Therefore, referring momentarily back to FIG. 5A, when the oxide 
layer 502 is formed, according to one embodiment of the invention, it may be formed 
thicker than necessary to compensate for the loss during the etch of the buffer layer 212, 
or more specifically, about 3%-7% thicker than necessary given a 7:2 selectivity. More 
generally, for a selectivity of Xnitride^Yoxide the oxide layer 502 may be formed thicker than 
intended to an additional degree of Y/X x (10%-25%). 

[0035] According to other embodiments of the invention, as shown in FIG. 5A ^ 5C, 
after the via 210 has been formed completely through the nitride layer 204, the method 
may further include conditioning the top surface 218 of the germanium layer 202 with a 
"conditioning" chemistry. The "conditioning" chemistry may correspond to the "third" 
chemistry described in conjunction with FIG. 3A - 3C above. The conditioning 
chemistry rnay cause the top surface 21 8 of the germanium layer 202 to have priniarily 
the same atomic termini. 

[0036] FIG. 5 A illustrates an enlarged view of the top surface 218 of the germanium 
layer 202. After the via 210 has been formed, the top surface 218 may consist of various 
types of atomic termini. For reference, these types of termini are shown in FIG. 3 A - 3C 
as either hyride ("H") or hydroxal ("OH") termini. The amount and consistency of the H 



EV 336582495 US 



-16- 



42P 16001 



or OH termini depends on how the germanium layer 202 was formed and on the 
environment and/or chemicals that the top surface 21 8 of the germanium layer 202 had 
been exposed to at any point during its formation, or during subsequent processing, such 
as during the formation and patterning of the overlying nitride layer 204. The H atomic 
termini represent hydride molecular endings that are attached, by molecular bonds, to the 
germanium ("Ge") molecules comprising the material of the germaniurn layer 202. The 
OH atomic termini represent hydroxal molecular endings attached, by molecular bonds, 
to the Ge molecules. The H and OH termini therefore represent ligants of G-H molecules 
and G-OH molecules, repectively, as shown in FIG. 5 A. 

[0037] It would be desirable, however, in some circumstances, to have the top surface 
218 primarily consist of a single atomic termini (i.e., either H or OH) depending on the 
composition of the material that will be subsequently formed atop the top surface 218. 
For example, certain materials may bond better to either H or OH termini, or may create a 
more natural transition between materials based on the atomic characteristics of either H 
or OH atomic termini. For example, hydride termini have a low resistivity and therefore 
may be useful for making good contact with, or transitioning to, other low^resistive 
materials, such as metals or other conductive materials. On the other hand, hydroxyl 
termini have a high resistivity and may be useful for making good contact with, or 
transitioning to, dielectric materials. Furthermore, hydrides are hydrophobic while 
hydroxyls are hydrophilic. Therefore depending on the application, hydroxyls may be 
preferable to hydrides. For example, hydroxyls are useful for atomic layer deposition 
(ALD) processes such as used for the deposition of some high-k dielectric films. The 
ALD process is more beneficial when applied to a hydrophilic layer, as opposed to a 
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hydrophobic layer when halide precursors are used. 

[0038] Therefore, referring to FIG, 5B, in one embodiment of the invention, a 
conditioning solution 220 may be applied to the top surface 218 of the germanium layer 
202 that causes the atomic termini to be converted prirnarily to hydride atomic termini. 
Conditioning solution 220 may be an aqueous solution of range 0.1%-2% hyrdrofluoric 
acid, optiniized at 1%. In a like manner, as shown in FIG. 5C, if hyroxal atomic termini 
are desired, a different conditioning solution 222 may be applied to the surface of the 
germanium layer 202 that causes the atomic termini to be converted primarily to OH 
termini. Conditioning solution 222 may be an aqueous solution of range l%-29% 
ammonium hydroxide, optirnized at 5%. 

[0039] Several embodiments of the invention have thus been described. However, those 
ordinarily skilled in the art will recognize that the invention is not limited to the 
embodiments described, but can be practiced with modification and alteration within the 
spirit and scope of the appended claims that follow. 
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